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Abstract 
Urban planning policy is focused on creating conditions for steady development of city and village territories, which include 
restrictions of the negative impact on the environment and the rational use of natural resources. Comprehensive development of 
energy saving technologies is able to contribute a lot to whole countries and individual cities in their transition to a sustainable 
development. That is why nowadays energy conservation and energy efficiency improvement is a top-priority direction in 
science, technology and know-how, and also in modernization and technological development of the Russian Economy. 
Following the necessity to observe the energy efficiency requirements applied to buildings, structures and constructions 
formalized in legislation, the transformation of development and planning of urban territories in terms of energy efficiency 
becomes a perspective direction in town-planning activities. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The development of cities and villages must be carried out with due consideration of creating conditions for their 
steady development [1-3]. A great contribution to the transition of whole countries to steady development will be a 
comprehensive development of energy saving technologies [4]. It is aimed at providing energy efficient economic 
development, contributing to the welfare of the nation, as well as preserving the ecosystem and irreplaceable energy 
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resources for future generations [5, 6]. Nowadays housing sector is one of the most important directions of energy 
conservation: standard operation of apartment buildings requires a huge amount of energy resources [7, 8].  
According to the data of statistic reports, the Russian housing stock is characterized by a highly excessive 
deterioration due to systematic underdone repair, high need for capital repair and low energy efficiency. Russian 
Federation Government Decree of 25.01.2011, No. 18 establishes requirements for reducing the need for thermal 
energy by 40 per cent compared to the basic level after 2020. 
2.  Aim of the research 
The solution of the problems of energy conservation in the Russian Federation employs the target-program 
methodology [9]. Nevertheless, there is one aspect left out of consideration, and that is the territorial aspect of 
housing stock operation, which consists in the improvement of energy efficiency employing the urban development 
methodology [10, 11]. The city has a certain configuration and planning structure, the character of built-up area and 
the energy efficiency of the buildings it includes, the allocation of consumers and producers of energy resources, all 
of these having a great impact on the formation of energy conservation potential.  
Thus, the aim of our research is to develop the methods of improving energy efficiency of urban territories under 
reconstruction, which is targeted at efficient and steady development of municipal entities. It is important to 
emphasize that energy efficient territorial planning should be reasonably applied not only to newly built micro-
districts and districts of the city, but also to the existing built-up area. 
3. Methods of energy efficient reconstruction of built-up area 
For energetically effective development and transformation of urban areas, and also for implementation of 
requirements of increase of power efficiency [14], the methodical basis of energy efficient reconstruction of built-up 
areas is developed [15]. It includes 6 stages (Fig. 1). 
Fig. 1. Method of built-up area energy efficient reconstruction 
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City reconstruction, globally speaking, is focused on the transition from the territorial expansion to the quality 
transformation of the existing built-up areas [12], providing the structure of cities, facilities and communications 
modern economic, social and technical qualities. The process of transformation and renovation of existing built-up 
areas caused by the constant tightening of requirements to energy efficiency can be defined as energy efficient 
reconstruction of built-up area [13].  
Energy efficient reconstruction of built-up area includes a set of energy efficiency measures: local actions (for the 
buildings under construction and for existing buildings) and town-planning actions (for city area).  
With due account for non-satisfactory technical condition of considerable quantity of residential buildings, the 
key element of the built-up area energy efficient reconstruction is the execution of complex housing stock energy 
sanitation – capital repair with energy conservation measures: heat insulation of enclosing structures, installation of 
efficient triple-pane windows with high heat-transfer resistance, renovation of heating and ventilation systems 
(application of automatic regulation, thermostats); reconstruction of electric power supply and lighting systems, 
installation of automation system. 
The choice of the set of energy efficiency measures is founded on the suggested information model, which is 
based on the estimation and zoning of the territory with regards to its energy efficiency index - IEET.  According to 
IEET, the complex of energy conservation measures Ɇij is defined (Formula 1, Table 1). 
EET j i ijI C K M  o   (1) 
where Cj – coefficient, considering the class of built-up area energy efficiency; Ki– coefficient of heat supply 
efficiency on the territory under reconstruction. 
 Table 1. Information model of choice of reconstruction town-planning energy efficiency measures. 
ɋj  / Ki K1 K2 K3 K4 K5 K6 
ɋ1 Ɇ11 Ɇ12 Ɇ13 Ɇ14 Ɇ15 Ɇ16 
ɋ2 Ɇ21 Ɇ22 Ɇ23 Ɇ24 Ɇ25 Ɇ26 
ɋ3 Ɇ31 Ɇ32 Ɇ33 Ɇ34 Ɇ35 Ɇ36 
The class of energy efficiency of built-up area is defined by the scale of deviation of the calculated heat energy 
consumption by the buildings, located on the considered territory, from the standard level. 
Depending on the scale of deviation, the three positions for the built-up energy efficiency classification are 
suggested: higher, standard, lower classes (Table 2). 
 Table 2. The value of the built-up energy efficiency classes coefficients. 
Class 
symbol 
Class 
name 
The scale of value deviation of the heating energy consumption by 
buildings heating and ventilation QNdes from the standardized level QNreq, 
', % 
Class 
coefficient 
value 
ɋ1 Higher  Less than -11 inclusive 0,9 
ɋ2 Standard  From +5 to -10 inclusive 1,0 
ɋ3 Lower  More than +6 inclusive 1,1 
 
The heating supply efficiency coefficient Ki is determined according to formula 2: 
i i iK P B    (2) 
where Pi – the heating source utilized capacity level coefficient; Bi – the heating source technical condition 
coefficient. 
As a result of digital modeling, the values of coefficients of heating source utilized capacity and technical 
condition are taken according to Table 3. The heating supply efficiency coefficient Ki is classified in 6 positions. 
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Table 3. Coefficient of heating source utilized capacity and technical condition. 
 
Bi 
Utilized capacity of heat supply source 
Reserve  Balance Deficit  
Utilized capacity coefficient value - Pi 
P1 P2 P3 
Heating source technical condition Technical condition 
coefficient value 0,95 1,0 2 
ȼ1 – satisfactory, no repair required, or 
requires maintenance works 1 Very high High Low 
ȼ2–non-satisfactory, requires capital 
repairs or reconstruction 1,3 Low Low Very low  
Depending on the combination of coefficients of heating source utilized capacity, technical condition and the 
class of built-up area energy efficiency, IEET  obtains the values in the following intervals: 
x IEET  1 – energy efficiency is high 
x 1 < IEET  1,3 – energy efficiency is permissible 
x 1,3 < IEET 2 – energy efficiency is low 
x IEET > 2 – energy efficiency is very low 
Implementation of the town-planning decisions requires considerable investments and time (standard project 
period is 20-30 years). Yet, they are the decisions that have a great impact on the level of territorial energy 
consumption.  
The necessary condition for the development of the project of Energy efficient reconstruction of built-up area is 
the cartographical analysis of the received settlement results and on-site investigations. The most convenient tool for 
this purpose is geographic information systems – GIS [16-18].  
4. Practical application of energy efficiency methods for the built-up area reconstruction 
In order to create a reliable information base for taking decisions on energy saving reconstruction, the study of 
the built-up area structure from the perspective of technical and energy characteristics was carried out. The buildings 
of Rostov-on-Don are divided into 7 periods of construction, each of which has certain variations of wall materials 
and number of floors characteristic of the period. For each group the volume of a representative sampling was 
calculated to allow the experimental research being carried out, and the analogue units were selected. For listing the 
analogue units, an energy inspection has been undertaken which allowed to define parameters of the energy 
efficiency – heat resistance level, rate of energy consumption, energy conservation potential.  
Correlation analysis of the data on analogue units energy study with the Rostov-on-Don massive residential 
multi-apartment built-up area allowed to define energy efficiency classes. Calculations show that in 93% of cases 
multi-apartment buildings do not meet the modern requirements for energy efficiency and they have the lower 
energy efficiency class (D “lower” and E “lowest”), and only 7% meet modern requirements for thermal protection 
and have class ɋ in energy efficiency (“standard”) – these are the buildings built after 2000 with high thermal 
protection characteristics. With the help of methods of numerical modelling, the efficiency of compulsory energy 
saving measures is defined [19, 20]. 
The figures of the numerical experiment show, that as a result of a package of compulsory energy saving 
measures, the summarized energy conservation potential makes 50% on the average: which is equivalent to 2 790 
mln ruble ($ 34,9 mln) during the heating season. Besides, energy sanitation results in forecasting considerable 
upgrading of buildings energy efficiency – up to standard, high, higher and the highest. 
By means of family of geoinformation ESRI ArcGIS software products the information and analytical system 
"Energy Efficient City" as GIS-maintenance of energy efficient reconstruction is created (on the example of Rostov-
on-Don). IAS "Energy Efficient City" includes a cartographical part and databases interconnected with it. The 
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cartographical part represents the electronic map with the marked objects of housing stock (9798 buildings), heat 
supply sources (213 boiler houses), zones of their service and areas of new development. 
The database of sources of heat supply contains data on their location in the territory of the city and their main 
characteristics: type of fuel, power, loading, technical condition and need for repairs. Objects of housing stock 
(clients) are attached to each boiler house. The database of housing stock contains general information about 
residential buildings, their energy parameters and results of calculation of efficiency of energy saving actions. 
With the use of IAS "Energy Efficient City" the territory of Rostov-on-Don is estimated and zoned on energy 
efficiency index of the territory - IEET. The corresponding electronic map with designation of areas of new 
construction according to the Master plan till 2025 is constructed. The analysis showed that the most part of the 
territory of Rostov-on-Don has low energy efficiency and needs energy efficient reconstruction (Fig. 2). 
 
 
Fig. 2. Energy efficiency index of the territory of Rostov-on-Don 
Implementation of the designed methods and models is shown on an example of the “Energy Efficient Block” 
project for Voroshilovski District in Rostov-on-Don. On the city electronic map, a part of the territory is marked, 
which includes 68 apartment buildings and 6 public buildings, the source of heating for which being only one boiler-
house. For the area under reconstruction, the energy efficiency estimate was performed: 
x built-up energy efficiency class – “lower” (C3=1,1) 
x the territory has heating energy deficit (P3 =2) 
x the heating energy source is in a dissatisfactory condition and it requires capital repairs or reconstruction (B2=1,3) 
x the energy efficiency estimate for the territory under reconstruction is IEET=2,86 (Fig. 3)., i.e. the territory under 
reconstruction obtains very low energy efficiency, which requires a complex of urban development measures. 
The following reconstruction solutions are to be implemented: housing stock complex energy sanitation, 
loosening the urban built-up density by way of demolishing the non-efficient buildings and constructing new energy 
efficient buildings, reconstruction of heat supply source. As a result of implementation of energy saving solutions in 
the built-up area of the block under reconstruction, the value of the energy efficiency index takes on a value IEET = 
0,95, which signifies a high energy efficiency of the territory  
Complex energy sanitation of the adjoined buildings will lower the heat load of the boiler house by 10%, which 
gives the possibility to increase the heating load at the expense of adjoining the new micro-district of 160 000 m2 (in 
accordance with the Master Plan), which requires an average of 12 000 Gcal per year. 
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Fig. 3 – Reconstruction territory energy efficiency index (IEET): (a) before energy saving measures; (b) after energy saving measures 
5. Conclusion 
The suggested methods and models of energy efficient reconstruction allow to evaluate the energy parameters of 
the territories under reconstruction and to choose a complex of town planning measures for improving their energy 
efficiency. Application of these methods allows to provide rational use of energy resources in the process of city 
operation and human life and activities, as well as to raise energy standards of the elements of urban built-up areas 
and their steady development. 
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